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1. Introduction
In RAN1NR Ad-Hoc#2, some agreements on CSI-RS for CSI acquisition were achieved [1], which are listed as following:

Agreements#1:

· Confirm the WA with the following revision

· Support PN sequence for CSI-RS for CSI acquisition and beam management

· FFS detailed sequence generation and initialization methods

· E.g. function of slot number, OFDM symbol number, CP length, UE ID, cell ID, virtual cell ID, function of PRB position of configured CSI-RS resource, etc.

Agreements#2:

· Regarding CSI-RS RE Patterns for CSI Acquisition, support at least the following CSI-RS RE patterns for CSI acquisition for OCC based CDM

	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM
	Remark

	1
	>1, 1 
	1
	N.A.
	No CDM
	

	2
	1
	1
	(2,1)
	FD-CDM2
	

	4
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	8
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	16
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	

	32
	1, 1/2
	4
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)
	FFS, CDM8 details


· Note: The RE pattern for an X-port CSI-RS resource spans N ≥ 1 OFDM symbols in the same slot and is comprised of one or multiple component CSI-RS RE patterns, where a component CSI-RS RE pattern is defined within a single PRB as Y adjacent REs in the frequency domain and Z adjacent REs in the time domain (agreements in RAN1#88)

· Note: Density 1/2 is based on a PRB-level comb with the same comb offset value for all ports.

· Note: REs for CDM2 and CDM4(FD2,TD2) comprise adjacent REs

· Note: RAN1 will continue discussing adding more entries to the above table
Agreements#3:

· For CDM-8 in CSI-RS for CSI acquisition, support at least one of the following:

· Alt 1: Distributed across multiple of the component CSI-RS RE patterns

· Alt 2: Fully contained within one component CSI-RS RE pattern 

· For CDM-4, study further whether to support the ports being distributed across multiple of the component CSI-RS RE patterns

This contribution presents our views on the details of CSI-RS for CSI acquisition.

2. The remaining issues for RE pattern and CDM pattern 

In addition to agreed RE patterns and CDM RE patterns in agreements#2 of section 1, we also support following component pattern and CDM patterns.

Proposal 1: Support component patterns and corresponding CDM patterns in Table 1, wherein one CDM pattern is fully contained within on component RE pattern.
Table 1: proposed component patterns and CDM patterns

	X
	Density [RE/RB/port]
	N
	(Y,Z)
	CDM

	4
	1
	1
	(4,1)
	FD-CDM2

	8
	1
	4
	(2,2)
	FD-CDM2

	12
	1
	1
	(12,1)
	FD-CDM4

	12
	1
	2
	(2,2)
	FD-CDM2, CDM4(FD2,TD2)

	16
	1
	4
	(2,2)
	FD-CDM2

	24
	1
	2
	(12,2)
	FD-CDM4, CDM8(FD4,TD2)

	24
	
	4
	(2,2)
	FD-CDM2

	32
	1, 1/2
	4
	(4,2)
	CDM8


For 8 CSI-RS ports with 4 symbols, the motivation is to support beam selection/combination of 4 candidate analog beams using the agreed BF CSI-RS codebook [2]. The same motivation is for other X port CSI-RS with 4 symbols. 

For 12 and 24 CSI-RS ports with 1 and 2 symbols respectively, 12 consecutive subcarriers in one component is only way since one PRB only have 12 subcarriers. The smaller component size introduces extra signaling overhead and have no any benefit. 

For 32 CSI-RS ports, component (4,2) can introduce less number of aggregated patterns and reduce complexity. In this case, one CDM8 pattern is fully contained within one component CSI-RS RE pattern. 

Based on our proposed patterns, we suggest one CDM pattern should be fully contained within on component RE pattern for simplicity.

3. Location for CSI-RS

As discussed in our companion contribution [3][4], CSI-RS should not be restricted outside DMRS symbols, especially for additional DMRS symbols. Since some CSI-RS patterns are aligned with front loaded DMRS patterns, CSI-RS and DMRS can be FDMed even in one PRB as shown in Figure 1.  Moreover, sharing CSI-RS pattern with DMRS is useful for interference measurement and self-contained feedback.  This would reduce overhead of NZP and ZP CSI-RS.
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Figure 1 FDM between CSI-RS and DMRS in one PRB
Proposal 2: From a UE perspective, CSI-RS can be mapped on DMRS symbols including front loaded DMRS symbols.
Since periodic and semi-persistent CSI-RS is transmitted semi-statically, they should not be configured in DMRS symbols if traffic loaded is heavy.

4. CSI-RS port numbering

According to the agreed codebook [2], the vector in precoding  matrix is constructed by 2D-DFT beam and  a cross-pol co-phasing. The procedure of selecting precoding vector is selection of 1st dimension beam, selection of 2nd dimension beam, and the cross-pol co-phasing. First, the selection of 1st dimension beam is based on 2N2 groups of CSI-RS ports , where each group have N1 ports. Second, the selection of 2nd dimension beam is based on  2N1  groups of CSI-RS ports , where each group have N2 ports. Finally, the selection of cross-pol co-phasing is based on N1N2 groups of CSI-RS ports, where each group have 2 ports. The phase shift error in each domain should be less than half phase-granularity, or else wrong beam will be selected.  The less phase shift error , the less possibility of wrong beam selection. The 1st domain phase-granularity is 
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 , the 2nd  domain phase-granularity is 
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, and the 3rd domain domain phase-granularity is 
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. Each domain phase-granularity with different (N1, N2,  P) for X ports are summarized in Table 2, where P=2 represents cross polarization.

Table 2: The phase-granularity with different (N1, N2,  P) for X ports 
	Port number
	(N1,N2,P)
	Granularity in 1st domain
	Granularity in 2nd domain
	Granularity in 3rd domain

	2
	(1,1,2)
	-
	-
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Because the 3rd domain domain phase-granularity is the largest, the CSI-RS ports in the same group for cross-pol co-phasing selection should be maped on the REs with  more phase shift, to provide RE locations with small phase shift  for CSI-RS ports for the 1st or 2nd dimension beam selection. There are almost same channel coefficient in the same CDM RE group, and large phase shift exist between different CDM RE groups, the fist half CSI-RS ports of X-port should belong to first polarization direction, and the second half CSI-RS ports of X-port belong to the other polarization direction. So CSI-RS ports can be mapped according to the CDM RE groups of  X-port, such that the CSI-RS port index increases with the increasing of the CDM group index, where the more distance between CDM group indexes, the more phase shift. For example, the CDM group index can increase in frequency  domain and then in time domain because of phase noise in high frequency bands. The CSI-RS port numbering is showed as following.
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, where p is the final port index after numbering, p’ is the local port index in the CDM group before numbering, L is the CDM length, and i is CDM group index from 0.

Figure2 shows the port numbering with CDM RE groups for 16 ports, where Figure2(a) is for FD-CDM2, and  Figure2(b) is for CDM4(FD2,TD2). Based on this mapping between CSI-RS port index and CDM pattern, less phase shift is kept among ports with same polarization direction and there are more phase shift among ports with different polarization directions. It is useful to get accuracy CSI measurement.
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Fig 2(a): Port numbering with CDM2 for 16 ports
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Fig 2(b): Port numbering with CDM4 for 16 ports

Proposal 3：CSI-RS ports can be mapped according the CDM RE groups such that the CSI-RS port index increases with the increasing of CDM group index, where the more distance between CDM group indexes, the more phase shift.

Proposal 4：The CDM group index increases in frequency  domain and then in time domain.

5. CSI-RS sequence generation
NR CSI-RS sequence generation should use the similar method as LTE to save standardization effort. In LTE CSI-RS sequence is generated from pseudo-random sequence
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, which is defined by a length-31 Gold sequence. The pseudo-random sequence generator shall be initialized with an initialization sequence with fixed length of 31. The initialization sequence is denoted by
[image: image43.wmf]å

=

×

=

30

0

2

init

2

)

(

i

i

i

x

c

, which requires 
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 < 231. For CSI-RS sequence generation, the pseudo-random sequence generator is initialized with 
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 at the start of each OFDM symbol where 
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The quantity 
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According to the method, the max value of  
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 in NR will be more than 231. As NR support variable SCS up to 120 kHz. With SCS equal to 120 kHz used, there are 80 slots per frame, and 14 OFDM symbols per slot. The max value of 
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should be equal to 1007.  For sake of 14 OFDM symbols per slot, 
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  should be modified as
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So the detail calculation for max value of 
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 can be listed in Table 3.

Table 3: detail calculation for max value of 
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There are two candidate solutions for the issue of 
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> 231 for discussion.

Scheme 1: Modify 
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Scheme 2: Modify 
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, where 20 is the number of slots in one LTE frame.

The two schemes are easily realized. With Scheme 1, two 
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 with different values of  231 may generate the same value of
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after operation by mod, which will lead to the same pseudo-random sequence. Fortunately, the possibility of generating same 
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With Scheme 2, NR CSI-RS sequence can achieve the same performance as LTE. So we prefer Scheme 2 a little more.

Proposal 5: NR CSI-RS sequence generation should use the similar method in LTE with modification to generate 
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6. Conclusion

In this contribution, we discuss the details on the remaining issues of CSI-RS for CSI acquisition. We have the following proposals:

Proposal 1: Support component patterns and corresponding CDM patterns in Table 1, wherein one CDM pattern is fully contained within on component RE pattern.
Proposal 2: From a UE perspective, CSI-RS can be mapped on DMRS symbols including front loaded DMRS symbols.
Proposal 3：The CSI-RS ports can be mapped according the CDM RE groups such that the CSI-RS port index increases with the increasing of CDM group index, where the more distance between CDM group indexes, the more phase shift.

Proposal 4：The CDM group index increases in frequency  domain and then in time domain.

Proposal 5: NR CSI-RS sequence generation should use the similar method in LTE with modification to generate 
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